Abstract. The influence of surface defects on the critical properties of magnetic films is studied for Ising models with nearest-neighbour ferromagnetic couplings. The defects include one or two adjacent lines of additional atoms and a step on the surface. For the calculations, both density-matrix renormalization group and Monte Carlo techniques are used. By changing the local couplings at the defects and the film thickness, non-universal features as well as interesting crossover phenomena in the magnetic exponents are observed. 
Introduction
Critical phenomena of magnetic films are of current interest, both experimentally and theoretically [1] [2] [3] [4] [5] . In the limiting cases of one layer and of infinitely many layers, one deals with two-dimensional magnets [6] and with standard bulk and surface magnetism [7] [8] [9] [10] , respectively. For systems consisting of a finite number of layers, interesting crossover phenomena between these limiting cases are expected.
In this article, we shall consider critical properties of ferromagnetic films of Ising magnets with various imperfections at the surface, motivated partly by possible experimental realizations of magnetic thin films with stripes of magnetic adatoms and stepped surfaces [1, 11, 12] , partly by genuine theoretical interest. Imperfections may be due to regular or irregular changes in the surface couplings or due to additional structures on the surface. A simple example of the first case is a ladder of modified couplings in an otherwise uniform two-dimensional system as introduced by Bariev [13] , see Figure 1a . We will study this briefly, since it can serve as a testing ground. Our main interest, however, is in additional structures, as depicted in Figures 1b-d . Thus we will investigate surfaces with magnetic adatoms in the form of Previous related work on Ising models includes the study of the step magnetization at the ordinary transition of rather thick films [14] and the study of magnetism in thin films with rough surfaces [15] .
In studying the influence of these imperfections especially on the critical behaviour, we use the density-matrix renormalization group technique (DMRG) [16, 17] , being most suitable in the case of merely one layer, and the Monte Carlo (MC) method [18] , which allows to treat films of considerable thickness as well.
The article is organized as follows. In the next section, we present our findings on single layers with defects, applying DMRG. The MC results on single layers and on films with an additional line of magnetic adatoms and with a straight step on top of the surface are discussed in Section 3. A short summary concludes the article.
One layer: DMRG
The planar Ising model with line-like defects is a peculiar system, because it shows non-universal magnetic exponents. This is connected with the values ν = 1 and x s = 1/2 of the exponents for the correlation length and the surface magnetization of the pure system, respectively. A one-dimensional, energy-like perturbation then is marginal and can change the critical behaviour continuously. For this reason, the system has been the topic of various studies [6] , with the focus most recently on a conformal treatment (folding the lattice at the defect line which then becomes the edge of a two-layer system) [19] and on random systems [20] . While the simple chain and ladder defects considered by Bariev are solvable free-fermion problems, the other cases we study are not integrable and one has to use numerical methods. In the following we discuss the quantity of direct physical interest, the local magnetization at or near the defect lines.
To obtain it, we used the transfer matrix running along the direction of the defect, see Figures 1a-c, and determined its maximal eigenvector via the DMRG method [21] . In this way one is treating an infinitely long strip of width M with the defect located in the middle. Only the infinite-system algorithm was used, in which one enlarges the system step by step and always chooses an optimal reduced basis via the density matrix. This is very convenient, since one can insert different defects after the system has reached the desired size. No further sweeps to optimize the state were made, since tests on the ladder defect gave very good results without them. Most calculations were done with 64 kept states and a truncation error around 10 −15 . The local magnetization m(i) was determined from the spin correlation function C(i) = σ 1 σ i for free boundary conditions, or directly as σ i for fixed boundary spins. The width was always much larger than the correlation length and varied between M = 100 and M = 5000 for the temperature range studied (0.001 < t < 0.1, where t = 1−T /T c is the reduced temperature). The (absolute) error in m, determined by comparing with analytical results was at most 10 −4 for a system at t = 0.001, cut in the middle by a ladder defect. For less severe modifications and larger values of t it was even smaller.
In Figure 2 we show the correlation function C(i) across the strip for ladder defects (Fig. 1a) and for an additional line (Fig. 1b) ; in the DMRG study we considered the case J n = J s . The upper part gives an overall picture, while the lower one shows the defect region in more detail. For ladder defects the strength J l of the defect bonds was varied, whereas for an additional line it was the coupling J a between the line spins and the substrate. Since C(i) factors for large distances, these curves also give the profile of the magnetization in the bulk. One can see how m increases or decreases near the defect, depending on the sign of the perturbation (similar curves were obtained in [20] for a random system). If one cuts the ladder bonds by choosing J l = 0, one obtains the boundary magnetization of the homogeneous model in the middle of the strip. On the upper side, the possible increase of m depends on the details of the defect. It is limited if one varies J a , because a line with infinite J a is equivalent to a chain defect in the plane with merely doubled bond strength.
